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1. Introduction

In RAN2#56bis meeting, RAN2 defined three BCHs, such as P-BCH, S-BCH and Dynamic BCH. In email discussion on point 12 "RAN2 current status on BCH in LTE", characteristics of each BCH are identified. However, how S-BCH and/or Dynamic BCH should be used is still not discussed yet. In this document, we listed up possible S-BCH and/or Dynamic use cases and compared possible usages from required characteristics. In addition, RAN2 recognized that only around 20bits can be carried by P-BCH according to RAN1 LS, even though this might be changed by more discussion in RAN1. Therefore, in this document, we assumed that P-BCH only carries limited number of bits and it’s kind of design criterion to minimize required number of bits in P-BCH.

2. Discussion

2.1.   Possible patterns for BCH structure

In the email discussion on point 12 "RAN2 current status on BCH in LTE", possible characteristic of S-BCH and Dynamic BCH were clarified. Following 3 patterns is compared for solutions for BCH structures. The difference of patterns lays what is indicated in P-BCH and whether L1/L2 control channel is used.
Pattern 1: P-BCH + S-BCH (less flexible) 

· P-BCH includes L1 parameter (i.e. time/frequency resource allocation) for all sum of system information 
· L1/L2 control channel is not used.
Pattern 2: P-BCH + S-BCH (flexible)
· P-BCH includes L1 parameter for only one of system information (i.e. scheduling block) 

· L1/L2 control channel is not used.
Pattern 3: P-BCH + Dynamic BCH
· P-BCH includes L1 parameter for only one of system information except frequency resource allocation.
· L1/L2 control channel is used. Frequency resource allocation is indicated by L1/L2 control channel.
We discuss these 3 alternatives in following section in detail.
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Figure 1: Possible patterns for BCH structure

2.1.1.  Less Flexible S-BCH (Pattern 1)
Concept of S-BCH (less flexible) is illustrated in Figure 2. The time/frequency resource size of S-BCH is only one. It is designed to transmit all sum of system information. Both static and flexible part of system information is carried over S-BCH. Scheduling block is included in static part of system information. Scheduling block in this scheme has only layer2/3 scheduling information, which is how to map system information on S-BCH. Layer1 parameter is informed by P-BCH.

Scheduling block is the most important part, since UE couldn’t receive flexible part of system information mapped on S-BCH without this information efficiently. The position of scheduling block needs to be static. Because P-BCH size is small, we assume SFN is not included in P-BCH. Therefore, we don't think the scheme that MIB position is statically decided (i.e. per 80ms based on SFN) in UMTS can work well. Therefore, position of scheduling block needs to be informed without SFN. One possible simple solution is to include one bit flag in P-BCH. The flag indicates whether scheduling block is mapped on the S-BCH in the 10ms.
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Figure 2: Concept of P-BCH and S-BCH (less flexible)

2.1.2.  Flexible S-BCH (Pattern 2)
Concept of S-BCH (flexible) is illustrated in Figure 3. The time/frequency resource size of S-BCH is multiple. It is designed to transmit for each one of group of system information. In Figure 3, we set three groups in flexible part of system information as a example. Both static and flexible part of system information is carried over S-BCH. Scheduling block is included in static part of system information. Scheduling block in this scheme has both layer 1 parameter and layer2/3 scheduling information to the system information other than scheduling block.
The position of scheduling block is indicated by P-BCH. In order to reduce the signalling on P-BCH, one possible method is that the time/frequency resource usage in 10ms is predefined in the specification. The usage of scheduling block in this frame is indicated by P-BCH. Then only one bit is necessary for P-BCH.
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Figure 3: Concept of P-BCH and S-BCH (flexible)
2.1.3.  Dynamic BCH (Pattern 3)
This scheme is very close pattern 2. The difference from pattern 2 is whether L1/L2 control signalling is used or not. Hence, scheduling block does not need to include frequency resource information. One bit flag in pattern 1 or pattern 2 to indicate scheduling block is not necessary in pattern 3 as L1/L2 control signalling can work similar function.
2.2.  Comparison among possible patterns

The size of the system information transmission should be flexible compared with UMTS in order to support different deployment scenario. The segmentation of the system information also should be avoided in order to reduce UE battery consumption.
Pattern 1 does not provide enough flexibility and cannot avoid segmentation, since flexible time/frequency resource allocation is done by all the sum of system information. Pattern 2 and pattern 3 provide enough flexibility.
The required information in P-BCH in pattern 1 is almost same as pattern 2. In both scheme, the required information in P-BCH is not small compared with pattern 3, since frequency resource information needs to be included. On the other hand, pattern 3 would have problem on L1/L2 control signalling overhead. Therefore, the scheme to reduce the information in P-BCH in pattern 2 is required. Such scheme is to add the restriction on time/frequency resource of static part of system information and scheduling block. In this scheme, time/frequency resource of static part of system information and scheduling block is static. Therefore, S-BCH (flexible) part in Pattern 2 can be divided into S-BCH (static) and S-BCH (flexible) as illustrated in Figure 4. S-BCH (static) is used to carry static part of system information and scheduling block, and S-BCH (flexible) is used to carry flexible part of system information. This scheme is to use three types of BCHs as illustrated in Figure 5. 
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Figure 4: Overview of the proposed scheme
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Figure 5: Concept of proposed scheme
This scheme provides good flexibility and doesn’t require scheduling information in P-BCH, even though three BCHs are required. But if we focus the property of the three BCHs, P-BCH and S-BCH (static) are static and S-BCH (flexible) is semi-static. Therefore, one may call P-BCH for both current P-BCH and S-BCH (static) but have two different repetition period for example 10ms and 40ms. The S-BCH (flexible) is called as S-BCH. In this case, only two BCHs are required.
Note that if RAN1 changed the position to that P-BCH can carry all scheduling information pattern 2 is the best solution.
3. Conclusion

We proposed following scheme for BCH design.

· If only around 20 bits can be provided in P-BCH, S-BCH is divided to S-BCH (static) and S-BCH (flexible). The scheduling information is carried in S-BCH. This scheme looks like two P-BCHs but have two different repetition periods like, for example, 10ms and 40ms. 
· If more information like scheduling block can be included in P-BCH, S-BCH is not necessary to be divided.  
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